River Rwizi originates from the Buhweju hills. It is a major source of water for the inhabitants of Mbarara Municipality and surrounding environment. In this study, spatial variation of water quality in River Rwizi section within Mbarara Municipality was determined using cluster analysis. Laboratory analysis was conducted on water samples from five sites along the river section using standard methods for: pH, EC, TSS, TDS, turbidity, temperature, total hardness, alkalinity, salinity, colour, NH 3 -N, 2 4 SO − , BOD, COD, DO, Ca, Mg, Fe, and Mn. Cluster analysis grouped the study sites into slight pollution (Spencon, GBK), moderate pollution (Katete) and high pollution (BSU, Kakoba) for dry season. For rain season, order was: slight pollution (BSU, Spencon), moderate pollution (GBK) and high pollution (Kakoba, Katete), basing on similarity of water quality variables. These results show that water pollution resulted primarily from domestic waste water, agricultural runoff and industrial effluents. Thus, water from River Rwizi is not suitable for drinking in both dry and wet seasons.
Introduction
Water is one of the most important requirements for the sustenance and continuation of life. It is therefore important that good quality water should be available for domestic, agricultural and industrial activities. However, this is increasingly becoming difficult mainly due to large scale pollution caused by agricultural, industrial and domestic activities which generate and dispose a range of inorganic and organic pollutants into the water pathways.
Recently, deterioration of surface water quality has attracted a lot of research due to health hazards accruing from contaminated water. This deterioration has been attributed to both natural processes such as weathering of underlying crustal materials, erosion, precipitation and anthropogenic activities which are triggered by climate change, agricultural land use, industrial and sewage effluent discharge [1] [2] . Anthropogenic activities are major contributors of pollutants to surface water resources in developing countries such as Uganda, the most important being urban sewage, agriculture and industrial effluents which are well known for nutrient loading and heavy metal pollution of water bodies [3] [4] [5] . Moreover, river water resources are important in promoting human development as they serve as domestic water sources; provide water for agriculture, industries and transport. However, the rivers are turned into dumping ground for wastes, especially in African countries like Uganda. As a result, their water quality is affected significantly by solid and liquid wastes from industries, homesteads, sewage, erosion and waste from agricultural fields [3] . This makes rivers to become susceptible to pollution from urban, industrial and agricultural activities that occur in their water sheds. The situation is made worse by turning of wetlands (filtering system through the use of roots of papyrus reeds) into agricultural fields.
Thus, information on water quality and pollution sources in such water bodies is important for the implementation of sustainable water use management strategies. For effective maintenance of water quality through appropriate control measures, continuous monitoring of a large number of quality parameters is essential [6] . In addition, due to seasonality and regionality of river water, assessing spatial-temporal variations in water quality has become an important aspect of river water quality at a watershed level, a key aspect for the physico-chemical characterization of aquatic environments [1] [4] . The studies in Uganda have shown that most water resources are easily contaminated due to anthropogenic activities especially in urban areas. A case in point is the deterioration of water quality of River Rwizi that has been reported over the past several years by a number of researchers [5] [7] [8] . River Rwizi originates from the hills of Buhweju District and crosses through several other districts of south western Uganda including Mbarara, Bushenyi, Sheema, Ntungamo, Kibingo, and Kiruhura among others, with various tributaries originating from different parts of the region. As a result, the river is an important water resource in south western Uganda serving thousands of people as source of drinking water for humans and animals, source of materials for crafts making and home to numerous forms of life [7] [9] . It eventually pours its waters into Lake Victoria via the network of the Kooki lakes system such as Mburo, Kachera, Nakivale, and Kijanebarola, among others. Interestingly, most industries in south western Uganda have no proper treatment facilities and are situated in the proximity of River Rwizi and its tributaries. Domestic and institutional effluents are directed into the river and the untreated sewage which is pushed into the lagoons with no further manage-Journal of Water Resource and Protection ment over pours whenever it rains. This makes the river to become susceptible to pollution. With the escalating poor industrial development in Uganda, this problem is bound to even become more severe in the near future. In addition, the river is under enormous threat and is gradually dying due to impact of anthropogenic activities [7] . The river section in Mbarara Municipality is selected for this study because it has the highest proliferation of industrial establishments, and is likely to experience the serious consequences of pollution. Many studies have been conducted on the River Rwizi water with results indicating deterioration in its quality mainly attributable to anthropogenic activities in its water shed [5] [7] .
Previously there has not been any report on assessment of spatial variations in physico-chemical parameters of water in River Rwizi, yet any significant variations in physico-chemical parameters affect the quality of a water resource at a given point. Hence, it was necessary to obtain information on the spatial variation of physico-chemical characteristics of water in River Rwizi in order to provide baseline information for a monitoring program for water resources in Uganda and design of proper treatment strategy for drinking water. Therefore, this current study evaluated the spatial variation of water quality in the dry and wet seasons, of River Rwizi section in Mbarara Municipality.
Materials and Methods

Location of Study Area
The study area ( Figure 1 ) is located in Mbarara Municipality found in Mbarara district, south western Uganda, at an altitude varying from 1261 m above sea level water from Mbarara Regional Referal Hospital (MRRH), and its surroundings.
GBK site has dairy processing plants, abattoir and market area. Spencon site (5) represents the water entering into the study area where there is less anthropogenic influence.
Water Sampling
Water samples were taken from five sites that are well distributed with separation of approximately 4 km apart. The sampling sites were chosen purposively basing on the intensity of anthropogenic activities in the study area, in two seasons (March-May) for dry season and (July-October) 2012 for wet season. Sampling, preservation and transport were carried out following standard protocols [10] . The collected water samples were kept in cleaned 1.5-litre polythene plastic bottles. Each site was sampled in triplicate and mixed to obtain a homogeneous sample, once a month for six months. Before sampling, the bottles and caps were cleaned with spectroscopic nitric acid and then rinsed three times with water at the sampling sites. The samples were subsequently stored in 1.5-litre plastic bottles in ice boxes at 4˚C for approximately 3 hours before analysis to minimize physico-chemical changes.
Physico-Chemical Parameter Measurements
Laboratory analyses of nineteen physico-chemical parameters were generally performed following standard protocols [10] [11] . Colour was measured using the platinum-cobalt standard method using HACH DR/2010 spectrometer [3] .
Hardness, alkalinity and sulphate were determined by titration using ethylene diamine tetra acetic acid (EDTA), sulphuric acid and barium chloride solution respectively [10] . Temperature, electrical conductivity, pH, salinity of the water samples were measured at the sampling sites by using multi-parameter HANNA instrument (Model HI9811-5) [3] . Titration with EDTA was also used to determine the concentration of calcium and magnesium in the water samples [10] .
Ammonia-nitrogen was determined following the Nessler method using DR/2010 spectrophotometer [10] . Dissolved oxygen was measured using the DO bottle Journal of Water Resource and Protection method [11] .
Biological oxygen demand (BOD 5 ) was determined using the dilution method [10] and chemical oxygen demand (COD) was determined using the HACH DR/2010 spectrophotometer after digesting the water with potassium dichromate [10] . Turbidity was measured using the HACH 2100AN turbidimeter;
while iron and manganese were determined using graphite flame atomic absorption spectrophotometer at wavelength 248.3 nm and 279.5 nm respectively [11] .
All the determinations were done in triplicates.
Statistical and Cluster Analysis
Statistical analysis was done by SPSS package 16.0 to compute the average concentrations of the determined physico-chemical parameters and standard deviation; while cluster analysis was performed using Past software. Cluster analysis (CA) is an assortment of techniques designed to perform classification by assigning observation to groups so that each is more or less homogenous and distinct from other groups. It is a group of multivariate statistical techniques whose primary purpose is to assemble objects based on the characteristics they possess [12] [13] . Its primary purpose is to classify the objects of a system into categories or clusters based on their similarities. The aim is to find an optimal grouping for which the observations or objects within each cluster are similar, but the clusters are dissimilar to each other. Hierarchical clustering is the most common approach in which clusters are formed sequentially. The most similar objects are first grouped, and these initial groups are merged according to their similarities. Eventually as the similarity decreases all subgroups are merged into a single cluster [4] [13] . Cluster analysis is applied in this study to the water quality data obtained in the two seasons, using a single linkage distance method.
In the single linkage distance method, the distance or similarities between two clusters A and B are defined as the minimum distance between a point in A and a point in B:
is the Euclidean distance At each step, the distance is found for every pair of clusters and the two clusters with the smallest distance (large similarity) are merged. After two clusters are merged the procedure is repeated for the next step: the distances between all pairs of clusters are calculated again; and the pair with minimum distance is merged into a single cluster. The result of a hierarchical clustering procedure can be displayed using a tree diagram, also known as a dendogram. Generally, prior to cluster analysis data is normalized and the weight per group method is applied in Euclidean distance calculation. The Euclidean distance gives the similarity between two samples and a distance can be represented by the difference between analytical values from the samples [4] . Hence, CA is generally a generic name for a group of techniques that place objects or units in groups or clusters in an objective manner based only on similarities in the data rather than any a Journal of Water Resource and Protection priori groupings. The aim is to find groupings of units such that all units in a group are relatively similar to one another; based on similarities or dissimilarity measures calculated from the data [4] [13] [14] . The first task in any cluster analysis is to decide how to measure similarity or closeness between the units for which groupings are required. For the r th and s th object measured on variables
The next stage in the analysis is to adopt a mathematical criterion-the clustering algorithm to convert the dissimilarity matrix to a clustering of the objects.
Hierarchical clustering methods are agglomerative. The objects all start in different clusters and then the two closest objects are merged in a single cluster.
Single linkage (or the nearest neighbour) measures the distance between closest members in different clusters. In scientific studies where the objects or units are 
Results and Discussion
For the dry season, colour, turbidity, TSS, TDS of the River Rwizi water are in the range 670 -905 PtCo, 96 -365.3 NTU, and 41.3 -209.3 mg/L 51.4 -67.2 mg/L respectively, with all sites recording turbidity above WHO regulatory limit (Table   1a ) [15] . This can be attributed to river sand mining, geogenic release of oxides of iron and manganese and washing bays. In addition, erosion had some contribution to deterioration in water clarity of the river in the wet season. The decrease in TSS from 46 mg/L at Spencon site to 43 mg/L at BSU site and colour from 887
PtCo to 830 PtCo at these sites respectively, during the dry season, shows water clarity as a result of River Rwizi water being amended in the river course downstream. pH ranged from 5.9 -6.9, with all study sites recording values below the WHO allowable limit of (6.5 -8.5) in drinking water [15] [16] . This could be a result of hydrolysis reactions of highly charged cations such as Fe 3+ , acidic gases and decomposition of organic matter. Generally, water quality parameters are higher for most study sites for the wet season than in the dry season due to erosion (Table 1b) The sudden increase in NH 3 -N from 11.3 mg/L at GBK site to 20.3 mg/L at Katete site may be due to release of raw sewage into the river in the wet season.
Even though there is sewerage system where urban sewage and run-off are collected in the sewers, excessive rainfall of the wet season leads to an overflow of Katete sewage lagoons. According to WHO drinking water standards [15] , BOD value should not exceed 6 mg/L, and 3 mg/L for aquaculture. The BOD 5 which is in the range 37.7 -103.7 mg/L, indicated that all sites had high BOD values above WHO [15] regulatory limit of 6 mg/L for drinking water and fisheries. It is particularly higher at all sites as the water flows from Spencon site to BSU site. High BOD is undesirable in water because it will result in reduction in dissolved oxygen level. This may be due to the decomposition of organic matter by micro-organisms which consume oxygen. The high BOD at Spencon site where there are no industries may be due to animal excreta deposited into the river as animals come to drink water and graze along the river bank. COD is very high and it exceeded the regulatory limits of 100 mg/L set by NEMA [18] at all sites. This is attributable to decomposition of organic matter such as animal and human excreta, plant debris and dead organisms. These results are comparable to other urban rivers whose qualities are influenced by domestic, agricultural and industrial activities that release organic matter and other waste into the river [17] [19] [20] [21] .
Spatial Similarity of Study Sites with Cluster Analysis
Cluster analysis is applied to find out the spatial similarity between the sampling sites, based on the levels of physico-chemical parameters. It grouped the five sampling sites into three statistically significant clusters as depicted by the dendograms (Figure 2 & Figure 3 ). Cluster analysis is used in this study because a visual summary of the intra-relationships amongst variations in the study sites can lead to a better understanding of the factors governing the variations. Based on the 19 variables, cluster analysis classified the five sampling sites into three distinct clusters at Dlink/Dmax, according to the level of pollution. This is represented as site of less pollution, moderate pollution and high pollution levels.
For the dry season, cluster 1 comprised of GBK and Spencon sites (Figure 2) . These sites had similar water quality because during the dry season, the factory and surrounding environs released little or no waste. Besides, pollutants are not eroded from the surrounding areas of the study sites. Hence, these sites formed cluster 1 with low pollution levels. The higher salinity recorded at GBK sampling site is attributable to discharge of dairy industrial effluent into the river from factory.
Cluster 2 corresponding to moderate pollution is ascribed to Katete site ( Figure   2 ). This is because less wastewater is brought to this site since there was Journal of Water Resource and Protection no erosion to bring pollutants in the rain storm water. It, therefore, received pollutants principally from the Katete sewage lagoons. In addition, there is a papyrus swamp located upfront from where the effluent from the sewage lagoon passes before entering into the river water presupposing that it purifies the water before reaching the river. Cluster 3 corresponds to the most polluted sites and comprised of Spencon and GBK sites, during the dry season (Figure 2 ). This is attributed to the intense anthropogenic activities in the catchment due to high human population in the vicinity of the study sites. The sand mining, washing of fabrics and automobiles, slaughtering of animals, as well as animal excreta deposited into the river water as animals come to drink water, affected its quality at these points. It can be inferred here, therefore, that the self-purification capability of the river is weak, during the dry season, which is evident by progressive deterioration of water quality downstream as the river traverses Mbarara Municipality along the water course. The results of cluster analysis are comparable to those of other similar studies conducted on different rivers [14] [21] [22] [23] .
For the wet season, cluster 1 is formed by BSU and Spencon sites with lesspollution levels; while Katete site with moderate pollution level is ascribed to cluster 2. Cluster 3 is formed by Katete and Kakoba sites with high pollution levels. Cluster 1 for wet season comprised of BSU and Spencon sites, depicting relatively less polluted parts of the river (Figure 3 ). The main sources of pollution at these sites are soil erosion, and animal excreta and domestic waste. Spencon site recorded higher colour measurements due to the erosion from the surrounding environs. At BSU site the high colour measurement value may be attributed to faster flow rate of the river as result of the steep slope which suspends bottom sediments. This is coupled with the economic activities such as sand mining and brick making, which are carried out along the banks of the river. Cluster 2 (GBK) corresponds to moderately polluted site ( Figure 3 ). GBK site had moderate water quality. This site mainly receives pollutants from agricultural, sand mining, urban waste from Rwebikoona Town area and many diary factories located in vicinity of GBK site. These pollution sources account for the measured water quality parameters at this study site. This explained the high sulphate, COD, BOD, iron, manganese, turbidity, TSS, hardness, TDS, salinity, and EC measurement values at the GBK site. In addition, GBK site recorded lower DO and alkalinity concentration than the other study sites partly due to its highly saline waters. Cluster 3 corresponds to the sites with the least water quality. Kakoba and Katete sites ascribed to this cluster. The water quality at the two sites was affected by untreated sewage effluent, urban domestic waste and or/ run off from Mbarara Municipality and agricultural fields. This cluster comprised sites with the highest human population density and thus received higher amount of wastewater. These sites recorded moderately high electrical conductivity and salinity values partly due to contribution of ions from the sewage effluents discharged into the river.
The [24] . The increase in concentration of manganese from 0.077 mg/L at Katete site to 0.181 mg/L at Kakoba site indicates the contribution of the, steel rolling mill industry located in Kakoba in the vicinity of River Rwizi. The increase in total iron concentration from 0.511 mg/L at Spencon site to 0.737 mg/L at GBK site shows influx of iron into the river due to commercial and industrial establishments. Also, the concentration of iron in all the study sites was above the regulatory limit in drinking water [15] . GBK site recorded higher salinity values and conductivity than the other four study sites. This is attributed to the waste water effluent from the GBK factory as well as
Rwebikoona market and its environs, which contribute chemicals into the river.
Total iron was highest at GBK site due to mainly the abattoir effluents from several slaughter points situated between Spencon site and GBK. In addition to the anthropogenic influences, it can be seen that changes in the water chemistry may be due to processes such as dilution or abrupt changes resulting from localised contamination at different sampling sites. There are other reports with similar results on urban river water quality [21] [25].
Conclusion
In this study, cluster analysis is utilized to evaluate variations in surface water quality of River Rwizi section in Mbarara Municipality. This study revealed that water pollution resulted primarily from domestic waste water, agricultural runoff, industrial effluents and natural hydrologic processes. All the study sites recorded iron, manganese, COD and pH (wet season) above the WHO allowable maximum limit in surface water. Also, some sites showed higher manganese, BOD and TDS than the standards. Cluster analysis grouped the five study sites into three statistically meaningful groups: low pollution (Spencon, GBK), moderate (Katete) and high pollution (BSU, Kakoba) for dry season; while for rain season, the order is: low pollution (BSU, Spencon), moderate (GBK) and high pollution (Kakoba, Katete), basing on similarity of water quality variables. Bas-Journal of Water Resource and Protection ing on the three clustered regions in each season, the sources for high pollution and moderate pollution sites are anthropogenic; including industrial and urban (domestic) wastes, sewage effluent, and agricultural runoff. For low pollution sites, the domestic and agricultural runoffs are the main sources of pollution.
Based on the results, the water may be used for irrigation or be treated first for drinking and domestic use. It is recommended therefore that the vegetation along the river banks and River Rwizi catchment be restored to reduce the impact of erosion into the river. Also buffer zones should be created through rejuvenation of papyrus swamps to naturally purify the waste water before joining the river. It is important that Uganda National Environment Management Authority encourages industries to treat their effluents before they are released into the river and it should monitor compliance by regularly analysing samples of industrial effluents entering the river. It is therefore important that the environment and water management bodies work together to restore river-line ecosystems throughout the country and particularly for River Rwizi which is on the verge of dying.
